Abstract: Neutrosophic hesitant fuzzy set is the generalization of neutrosophic set and the hesitant fuzzy set, which can easily express the uncertain, incomplete and inconsistent information in cognitive activity, and the VIKOR (from Serbian:VIseKriterijumska Optimizacija I Kompromisno Resenje) method is an effective decision making tool which can select the optimal alternative by the maximum ''group utility'' and minimum of an ''individual regret'' with cognitive computation. In this paper, we firstly introduced some operational laws, comparison rules and the Hamming distance measure of neutrosophic hesitant fuzzy set, and described the traditional VIKOR method which only processes the crisp numbers. Then we extended the VIKOR method to process the Neutrosophic hesitant fuzzy information, and proposed an extended VIKOR method for the multiple criteria decision making problems with neutrosophic hesitant fuzzy information, and an illustrative example shows the effectiveness and feasibility of the proposed approach.
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Preliminaries
The single valued neutrosophic set
Definition 1 [5, 26] . Let X be a universe of discourse, with a generic element in X denoted by x . A single valued neutrosophic set A in X is characterized by: To compare two SVNNs, Smarandache and Vlâ dâ reanu [27] proposed the partial order relation between two neutrosophic numbers as follows. Definition 2 [27] . For two SVNNs Obviously, in practical applications, many cases can't satisfy the above conditions. With respect to these, Ye [28] presented a comparison method based on the cosine similarity measure of a SVNN ( , , ) x T I F  to ideal solution (1, 0, 0) , and offered the definition of the cosine similarity: 2 2 2 ) (
  = ( ( ), ( ), ( ))
Definition 3 [28] . Suppose 
The hesitant fuzzy set (HFS)
Definition 5 [29] . Let X be a non-empty fixed set, a HFS A on X is in terms of a function , Torra [29] defined some operations as follows:
After that, Xia and Xu [30] gave four operations about the
with a positive scale n :
Definition 6. Let 1 h and 2 h be two HFSs on
, then the hesitant normalized Hamming distance measure between 1 h and 2 h is defined as:
is the number of the elements in the h , in most cases,
, and for convenience, h , respectively. For operability, we should extend the shorter ones until both of them have the same length when compared.
The best way to extend the shorter one is to add the same value in it. In fact, we can extend the shorter one by adding any value in it. The selection of the value mainly depends on the decision makers' risk preferences. Optimists anticipate desirable outcomes and may add the maximum value, while pessimists expect unfavorable outcomes and may add the minimum value.
For example, let 1 h ={0. [30] . In this study, we assume that the decision makers are all pessimistic (other situations can be studied similarly).
The neutrosophic hesitant fuzzy set
In this section, we will introduce the neutrosophic hesitant fuzzy set by combining neutrosophic set with hesitant fuzzy set.
Definition 7 [17]. Let
X be a non-empty fixed set, a neutrosophic hesitant fuzzy set (NHFS) on X is expressed by: 
is called a neutrosophic hesitant fuzzy element (NHFE) which is the basic unit of the NHFS and is denoted by the symbol
Then, some basic operations of NHFEs are defined as follows:
be two NHFEs in a non-empty fixed set X , then
Therefore, for two NHFEs (1)
be two NHFEs in a non-empty fixed set X , and 0 , ,
, then we have
Definition 9. For an NHFE n , n is defined as follows:
VIKOR method
The VIKOR method was introduced for multi-criteria optimization problem. This method focuses on ranking a set of alternatives and selecting a compromise solution. Here, the compromise means that an agreement was established by mutual concessions [31] [32] [33] . The decision making problem, which can be solved by VIKOR, is described as follows. , considering ''the maximum group utility" is more than "minimum individual regret", and when
, considering "minimum individual regret" is more than ''the maximum group utility".
In this study, we suppose that 5 . 0  v which "minimum individual regret" and ''the maximum group utility" are the same important.
Step 4. Rank the alternatives. Sorting by the values S , R and Q in decreasing order. The results are three ranking lists.
Step 5. Propose as a compromise solution Based on the above analysis, we know that the best alternative is the one with the minimum value of Q when the conditions1 and 2 are met, and if one of two conditions is not met, the compromise solutions may be have more than one. VIKOR is an effective tool in multi-criteria decision making.
The obtained compromise solution could be accepted by the decision makers because it provides a maximum ''group utility" (represented by min S ) of the ''majority", and a minimum of the ''individual regret" (represented by min R ) of the ''opponent". The compromise solutions could be the basis for negotiations, involving the decision maker's preference by criteria weights.
VIKOR method for decision making problem with neutrosophic hesitant fuzzy numbers
In real decision making, it is difficult or impossible to obtain the criteria values by the exact numbers, however, the neutrosophic hesitant fuzzy set is a very useful tool to deal with uncertain decision making problems in which each criteria can be described as a neutrosophic hesitant fuzzy numbers [17] . The VIKOR is very effective method to solve the decision making problems, however, the traditional VIKOR is only suitable for crisp numbers, and then it has been extended to process the different fuzzy information [22] [23] [24] [25] . Until now, it has not been used to process the neutrosophic hesitant fuzzy information. So, in this paper, we will extend the VIKOR method to solve MADM problem with the neutrosophic hesitant fuzzy information.
To do this, we firstly describe the decision making problem. Table 1 , and then we can rank the order of the alternatives.
The procedures of the proposed method as follows: Table 1 Decision making matrix with the neutrosophic hesitant fuzzy information
Step 1. Normalize the decision matrix.
In MAGDM problems, there are two types in criteria, that is, benefit criteria and cost criteria. To maintain consistency of the criteria, we usually transform the cost criteria into benefit criteria.
For the cost criteria, the normalization formula is
Step 2. Determine the positive ideal solution (PIS) and the negative ideal solution (NIS). There are two methods to determine them.
(1) According to the partial order relation, we have the positive ideal solution (PIS):
the negative ideal solution (NIS)
(2) According to score function, we have
Where ( .) S is the score function of neutrosophic hesitant fuzzy number which is defined by (26).
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Step 3. Compute i S and i R , and we have n , which is defined by (27) .
Step 4.
Compute the values i Q , and we have
where v is introduced as weight of the strategy of ''the majority of criteria" (or ''the maximum group utility"), here suppose that v = 0.5
Step 5. Same as the step 4 of section 2.
Step 6. Same as the step5 of section 2.
An numerical example
We consider an example [34] where one investment company intends to select an enterprise from the following four alternatives to invest. The four enterprises are marked by 
. The decision matrix
R is shown in the Table 2 . Then give the ranking the alternatives. 
The evaluation steps by the proposed method
Step 1. Normalize the decision matrix. Considering all the criteria should be uniform types, the cost type 3 C should be transformed into benefit type, and then we obtain the normalized NHFNS decision matrix 3 4 ) (
by (33) as follows: Step 2. Determine the positive ideal solution (PIS) and the negative ideal solution (NIS) by (34) Table 4 .
Step 6. 4 A , 1 A are both compromise solutions. Table 4 The ranking and the compromise solutions. 
Comparison analysis
In order to verify the feasibility and effectiveness of the proposed decision-making approach, a comparison analysis with multi-valued neutrosophic TODIM (an acronym in Portuguese of Interactive and Multicriteria Decision Making) method introduced by Wang and Li [34] is given based on the same illustrative example.
With regard to the method in Wang and Li [34] , the multi-valued neutrosophic number is defined, and the traditional TODIM method is extended to the neutrosophic environment. In this new method, a reference criterion is selected first and then built the value function based on the Hamming distance between multi-valued neutrosophic numbers. Its decision-making steps are shown as below:
Step 1: Select the highest weight criterion as the reference criterion, so select 3 C as the reference criterion.
Step 2: Calculate the degree of alternative i A superior to alternative j A which are shown in the Table 5 .
Step 3: Calculate the comprehensive ranking value of i A , and get Clearly, the ranking has a little difference; however, the best alternative is the same as 4 A . The 13 advantage of the proposed method is that it can select the optimal alternative by the maximum ''group utility'' and minimum of an ''individual regret'' and the advantage of the extended TODIM method is that it can consider the bounded rationality of decision makers. Because the ranking principle is different, it is reasonable for not completely same ranking results. In this example, these two methods produced the same best and worst alternatives, and this can show the validity of the proposed in this paper. 
Conclusion
Neutrosophic hesitant fuzzy set is the generalization of neutrosophic set and the hesitant fuzzy set.
Some operational laws, comparison rules of neutrosophic hesitant fuzzy set and the Hamming distance between two neutrosophic hesitant fuzzy numbers are defined. For multiple criteria decision making with neutrosophic hesitant fuzzy sets, the traditional VIKOR method is extended, and an approach is given. In this method, which is based on the particular measure of "closeness" to the ''ideal" solution, using linear programing method during the process of decision-making, and order the hesitant fuzzy numbers by index of attitude and choose the alternatives under the acceptable advantage and the stability of the decision-making process to get a compromise solution, which achieving the maximum ''group utility'' and minimum of an ''individual regret''. This method has its own advantages compared with other multiple criteria decision making method based on distance, but it can only solve the decision making problems in which the criteria is neutrosophic hesitant fuzzy numbers and fixed weights, in the case of uncertain weights is universal in real life, which needs further study.
